We investigate if the super-saturation phenomenon observed at X-ray wavelengths for the corona, exists in the chromosphere for rapidly rotating late-type stars. Moderate resolution optical spectra of fast rotating EUV-and X-ray-selected late-type stars were obtained. Stars in α Per were observed in the northern hemisphere with the Isaac Newton 2.5 m telescope and IDS spectrograph. Selected objects from IC 2391 and IC 2602 were observe in the southern hemisphere with the Blanco 4m telescope and R-C spectrograph at CTIO. Ca II H & K fluxes were measured for all stars in our sample. We find the saturation level for Ca II K at log(L CaK /L bol ) = -4.08. The Ca II K flux does not show a decrease as a function of increased rotational velocity or smaller Rossby number as observed in the X-ray. This lack of "super-saturation" supports the idea of coronal-stripping as the cause of saturation and super-saturation in stellar chromospheres and corona, but the detailed underlying mechanism is still under investigation.
neighborhood targets (Jeffries et al. 1998; Christian et al. 2001; Christian & Mathioudakis 2002; Hünsch et al. 2004) . V magnitudes versus the color index, B − V are shown for our sample in Figure 1a , and V − K computed from K colors from the 2MASS catalog is shown in Fig 1b. The reduced scatter demonstrates that V-K is a more suitable color for these late spectral types.
Optical Observations & Analysis
The southern objects were observed using the CTIO Blanco 4-meter telescope and R-C spectrograph, while in the north we used the 2.5-meter Isaac Newton Telescope equipped with the Intermediate Dispersion Spectrograph (IDS). The CTIO observations were obtained on 2 nights in 2005 Feb 23-24. The KPGL1 grating was used giving a resolution of 1Å per pixel and covering the range of ≈3300 -5800Å. Spectra were bias subtracted and flat fielded with an internal quartz lamp, and the wavelength calibration was established with HeNeAr lamps. The Isaac Newton Group of Telescopes (INT) spectra were obtained in 2007 December 23-27 using the R1200B grating. Our set-up covered the 3600 to 4600 Å range with a spectral resolution of 0.47 Å/pixel. Wavelength calibration was established using CuAr plus CuNe lamps before and after each exposure. Flat fields were obtained with a quartz lamp. Several radial velocity standards and flux standards were used to establish the accuracy of the velocity scale and flux calibration respectively. The observations were reduced using standard routines within IRAF. Two dimensional images were bias subtracted and flat fielded with the ccdred package and wavelength and flux calibrated with the refspec and calibrate routines within noao.onedspec, respectively.
The Ca II H & K line fluxes were derived by fitting Gaussians to the flux calibrated spectra as described below. We focus on the Ca II K line at λλ3933 due to the possible blending of Ca II H with Hǫ. We show a sample of sources with both strong Ca II H & K in emission in Figure 2 .
To estimate the photospheric contribution to the Ca II line fluxes we constructed stellar models using the Spectroscopy Made Easy (SME) code (Valenti & Piskunov 1996) . Models were created from 3500 to 6500 K in 300 K steps for solar metallicities and gravity log g = 4.5.
Additional models were created at each temperature for appropriate values of vsini from 0 to 200 km s −1 . The normalization and systemic radial velocity v rad were left as free parameters. Atomic line data were obtained from the Vienna Atomic Line Database (VALD) (Piskunov et al. 1995 ).
The SME models were then subtracted from each observed spectrum using the model closest in temperature (T) and vsini. The difference between the observed (chromospheric contribution) and SME model (photospheric contribution) were then re-fit with a new Gaussian. Spectra for representative stars at four different temperature are shown in Figure 3 . In general we find the photosphere contribution is about ≈ 50%. However, photospheric contributions for the latest spectral types (T < 4000) are in general smaller and on the order of 10%. Typical photospheric contribution in the temperature range between 4000 and 5500 K are ≈ 50%, but can be as high as a factor of ≈2-3 for stars with temperatures above 5500K and for those with the weakest emission. In general the photospheric contribution will depend not only on a star's temperature, but its chromospheric activity level and rate of rotation. We note, any photospheric contribution not accounted for will only act to increase the Ca fluxes, not decrease them.
Surface fluxes are calculated using the relationship between observed flux and surface flux given in (Oranje et al. 1982; Rutten et al. 1989; Mathioudakis & Doyle 1989 , 1992 .
Reddening values for α Per were taken from Randich et al. (1996) (2011)), and we calculated the Rossby number using the relation:
from Jeffries et al. (2011) . Where N R is the Rossby number, P is the stellar rotation period, L bol is the bolometric luminosity and L ⊙ is the solar bolometric luminosity. The scale factor 1.1 is set for the log of the convective turnover time for solar type stars (Noyes et al. 1984; Jeffries et al. 2011 ).
Results
Approximately 85% of the stars in our sample showed Ca II H & K in emission. The remaining 15% had no detectable Ca II H & K in emission. These objects are of the earlier spectral types, B − V < 0.6, and the non-detection is most likely due to the combination of strong photospheric continuum and spectral resolution rather than the absence of a chromosphere. The
Ca II H &K line fluxes and stellar parameters are shown in Table 1 . We computed the L CaK /L bol for the stars in our sample using the relationship between observed flux and surface flux (Rutten et al.
1989; Mathioudakis & Doyle 1989).
The X-ray emission of coronally active late-type stars saturates at ≈ 1 part in 1000 of the stars bolometric luminosity (L X /L bol ). Many stars in our sample have L X /L bol between 10 −3 and 10 −4 . We compare the X-ray and Ca II K luminosity ratios in In Figure 5 we plot the L CaK /L bol as a function of vsini. The average log(L CaK /L bol ) is −4.08.
We have estimated the errors for log(L CaK /L bol ) combining a 10% uncertainty in the flux estimates and an additional 10% possible systematic error in converting from counts to flux along with any uncertainty in radii used in calculating the bolometric luminosities (generally less than 10%).
Combining these errors, we conservatively estimate a 30% uncertainty in L CaK /L bol and show a sample error of 30% in Figure 5 . Although there is significant scatter below 50 km s −1 , there is no evidence for a decrease in L Cak /L bol for the highest rotational velocities and this is treated in § 4.
The low point in the figure, at ≈170 km s −1 is AP 139, which had an anomalously low Ca II K flux for its rotational velocity, but its rotational velocity was determined from its photometric period (Stauffer et al. 1997) , and may actually be a binary.
To compare the rotation and activity of our sample of stars with different masses and radii it is convenient to use the Rossby number N R , (ratio of rotation period to convective turnover time τ c ) (Jeffries et al. 2011) . Periods were derived from rotational velocities and stellar radius calculated from Mathioudakis & Doyle (1992) as described in Section 2.2. A 20% error in the stellar radii will cause a 20% error in derived periods, but this only translates to a change in log(N R ) of 0.08.
The saturation levels of coronal X-rays are reached at log( Our sample has 26 stars with the log of the Rossby number, log(N R ) less than −1.6. In Figure 6 we plot our 
